Introduction
The introduction of personal computers in tile 1980s has significantly increased the number of computers in use throughout the world. It is no longer the case that the computer is a large, isolated machine used to perlbrm mundane tasks like payroll processing and stock control. Nowadays, computers are located in all areas of business life. Computers are lbund on the desks of many of today's office workers, allowing them to use productivity tools like spreadsheets, word processors and databases to support them in their work. hi addition, many computers are found at home and are used for a variety of purposes.
The rise in the number of computers in the world has been phenomenal. In the 1940s, there were no more than a dozen compaters in the world, yet by the 1980s it was estimated that there was one computer for every. 800 people. The current ratio is estimated to be one computer for every 44 people in the world.
Power constunption
A typical desk top computer is a major consumer of electricity. According to the US Govermnent s Environmental Protection Agency (EPA), computers typically consume 15(I-200 watts per hour (StoNe 1994; Mckie 1993) . When the number of computers used by an orgmfization was relatively small the amount of power they consumed was not nonnally calculated as an explicit cost (Anonymous 1993a) . ttowever, the widespread use of computers means that power consumption has now become a major part of an organization's power bill. Furthennore, these computers produce considerable waste heat (around 10 kilowatts of waste heat (Anonymous 1992) ) which is often removed by air conditioning facilities (Mckie 1993) which only have 30% efficiency (Bray 1993) . It has been estimated that 5% of America's total colmnercial electricity consumption comes from file use of computers (Foremski 1993) . If this is extrapolated worldwide, then computer usage requires the power from about a dozen large power stations (Stobie 1994) .
Enviromnental impact
The use of computers has a significant impact on the enviroimlent. For example, the power needed for computers comes fi.om tbnns of electricity generation that have noxious waste prodncts: nitrogen and sulihr oxides or radioactive waste material. Similarly, despite the common belief that computers are a clean technology (Reinhard et al. 1992 ) the Silicon Valley Coalition (USA) has demonstrated the range of poisonous waste products that are introduced into the environnlent, pa~icularly during the manuthcture of semiconductors. Finally, when old computers are discarded, they generate millions of tons of waste (Kaiser 1994) . It has been estimated that, worldwide, personal computers could end up as 3.1 billion kilograms of solid waste, much of it plastic (Done 1993; Kaiser 1994 ).
The life cycle of computer products
There are some steps that COlupanies can take at each stage of production to design more enviromnentally friendly systems.
Design
Computer products can be designed for the enviromuent at two basic levels: systems and components. Some of the pioneering work on maximizing effective power consumption arises from the design of portable computers that are driven by limited battery power. For example, individual elements of the computer can be switched into a low power state when they are not being used (Redlbm 1993; Ramstad 1993; Enders and Jose 1992) . Similarly, computers can be designed using passive heat sinks rather than cooling fans, or the thns can be designed to operate only when needed. Other solutions to problems of power consumption include automatically powering down the computer at the end of the day (Anonymous 1993a) or even turning off parts of the processing chip between keystrokes (Bray 1993 ).
Technical change is occurring at a rapid rate in the computer industry. Components such as processing chips and hard disks that were considered state of the art two years ago are now often obsolete. As a result, many manuthcturers have changed their system design to allow for the easy substitution of newer components without requiring replacement of the whole system nnit (Reilflmrd et al. 1992) . For example, Intel provides special overdrive sockets to allow central processor chips to be replaced with newer models. Similarly, hard disks, video cards and monitors can easily be upgraded. An additional benefit of this approach is that modular design makes it easier for salvagers to disassemble discarded machines (Reitflmrd et al. 1992 ).
Green manulhcturing
It has been estimated (Benson 1993 ) that 700 different materials and chemicals are used m the production of computers, many of them hazardous. More significantly, many of the chemicals used do not end up in the final product and need to be stored hi turn, chemical storage often results in some leakage into the surrounding enviromnent (Siegel and Markoff 1985) . This is a particular problem lbr the manufhcture of chips. The chips are constructed from silicon waters which are masked with a light, acid resistant, masking chemical which is washed away with a hazardous solvent. The chips are then doped with highly toxic gases like arsine, phosphine and diborane to improve the electrical conductivity of the chips.
The electronics industry is the second largest user of chlorofluorocarbons (CFCs), after the refrigeration and air conditioning industry. CFCs are used as the primary solvent to wash residue off printed circuit boards. As the dangers posed by excess ozone have been accepted by govennnents and industry, ellbrts have been made to move away from the use of CFCs in manulhcturing. In particular, computer manuthcturers like IBM, Intel, Compaq, Hewlett Packard and Apple have begun taking active steps to develop processes that don t use CFCs.
CFCs also appear in the packaging of computers, many of which arrive in brown cardboard packaging with non recyclable plastic foam such as polystyrene and polyurethane. There is now a trend, however, towards using non CFC gases for the production of such tbams, or avoiding the use of any plastic lbam whenever possible (Hanghton 1990) . Indeed, one German company reduced the total quantity of its packaging lnatcrial by half by fitting better shock absorbers to its delivery vehicles.
Manufacturing a typical computer workstation requires about 33,000 liters of water for the repeated rinsing of the printed circuit boards, and more than 12,000 liters are used tbr rinsing semiconductors. Most of this water cmmot be recycled due to the danger of chemical contamination and nmst be stored. Unfortmmtely, all too often the storage containers leak and leach into the soil and contaminate drinking water supplies.
Usage
One of the simplest steps that could bc taken to milmnize the enviromnental impact of computers is to switch computers off overnight. Recent research in the USA (Fox 1994) suggests that 40% of office desktops are on permanently, with some estinmtes suggesting that some are idle up to 90% of the time. ]'he scale of the problem can be seen by considering that a typical machine left on all year round will consume 1750 kWh of power. To this must be added the power used to remove the waste heat produced by tile nmchine.
It is often thought that a computer left on pcmmnently will be less likely to fail. Others, in turn, believe that screen savers help rcduce power consumption. Both of these are modem personal computer myths (t tewson 1993). Frequently turning the computer on and offdoes not shorten its life. On the contrary, today's computers and peripherals are generally so well made that they continue to operate far beyond the point of teclmological obsolescence, no lnatter how often they are turned on and off IBM now states in the manual for its hfibWindows and other displays that the life of a computer monitor is directly related to the number of hours it is used.
Waste disposal and recycling
Seventy-five percent of a computer's weight consists of a blend of metals, special types of coated glass and mixed plastics of several kinds. Coinputers are also often too small and complicated to dismantle and their scrap value is low (StoNe 1994), so they nommlly end up in landfills with some reusable components (Kaiser 1994) . Another problem is toxicity. Researchers from the University of Arizona Garbage Project have shown that although computers represented only 2% of the garbage by volume, they contributed nearly 20% of the hazardous waste in the landfills (Al~ovin 1993).
Environmental incentives
The power consumption of computcrs is increasingly becoming a political issue (Hewson 1993) . Manygovermnents have passed legislation on power consumption and other euviromnental matters. Such legislation is intended to serve several important fimctions:
1. Specifying lnininmm enviromnental standards to be met which helps to ensure a certain level of health and safety; 2. hlducing companies to internalize some of the costs of the pollution they create which otherwise would be imposed on society as a whole;
3. Mandating that all companies meet minimum environmental standards.
The USA was the first country that brought tile issue of energy efficiency to the fore (Zagor 1993) by introducing govennnent incentives, hfitially, the government set up programs that helped companies to evaluate their use of energy tbr lighting. Following the success of this initiative, the Enviromncntal Protection Agency produced a set of design guidelines for manufacturers to reduce the energy consumption of personal computers. The EPA then introduced a second program, Energy Star (Hewson 1993; Zagor 1993) to encourage nmnulhcturers to develop energy efficient computers and peripherals. These guidelines rely on the fact that most of the time the machine is turned on and not doing very much (StoNe 1994) . The core of the program is that every element of the computer system should be capable of switching to low power, which cmfld result in a 60% reduction in power consumption.
Conclusions and recommendations
This paper has reviewed the enviromnental effects of using computers. During the development lit~ cycle of typical computer products, enviromnental considerations play a small role in the design, production, use and disposal of these systems. However, teclmologies and production processes are being developed which will make a positive contribution to the enviromnent. For example, by designing colnponcnts that automatically reduce their power cousumption when they are not doing anything. Similarly, less toxic chemicals can be used m the production of circuit boards and other components. Finally the paper reviewed the main incentives Ibr making the computer industry more environmentally friendly. These policies normally take the lbrln of legislation. People necd to change the way they think about computers by weighing up the environmental consequences of computers. People nccd to combine productive computing with green computing by:
